The retromer complex plays an important role in intracellular transport, is highly expressed in the hippocampus, and has been implicated in the trafficking of the amyloid precursor protein (APP). Nevertheless, the trafficking routes of the neuronal retromer and the role it plays in APP transport in neuronal processes remain unknown. Here we use hippocampal neuronal cultures to address these issues. Using fluorescence microscopy, we find that Vps35, the core element of the retromer complex, is in dendrites and axons, is enriched in endosomes and trans-Golgi network, and is found in APP-positive vesicles. Next, to identify the role the neuronal retromer plays in cargo transport, we infected hippocampal neurons with a lentivirus expressing shRNA to silence Vps35. By live fluorescence imaging, Vps35 deficiency was found to reduce the frequency, but not the kinetics, of long-range APP transport within neuronal processes. Supporting the interpretation that retromer promotes long-range transport, Vps35 deficiency led to increased APP in the early endosomes, in processes but not the soma. Finally, Vps35 deficiency was associated with increased levels of Aβ, a cleaved product of APP, increased colocalization of APP with its cleaving enzyme BACE1 in processes, and caused an enlargement of early endosomes. Taken together, our studies clarify the function of the neuronal retromer, and suggest specific mechanisms for how retromer dysfunction observed in Alzheimer's disease affects APP transport and processing.
Introduction
The retromer is a coat-like complex of proteins comprising a cargo recognition domain (Vps35/Vps26/Vps29), and a membrane association domain composed of a dimer of the sorting nexin proteins SNX1, 2, 5, or 6 (Bonifacino and Hurley, 2008) . The retromer has been shown to act either in trafficking cargoes from the endosome back to the trans-Golgi network (TGN) (Bonifacino and Hurley, 2008; Seaman, 2005) , or, in the case of polarized epithelial cells, in promoting long-range transport (Verges et al., 2004) .
The retromer was first implicated in Alzheimer's disease (AD) in a study that identified deficiencies in Vps35 and Vps26 in the hippocampal formation of patients with late-onset disease (Small et al., 2005) . It was hypothesized that Vps10-containing transmembrane proteins might be part of the neuronal retromer pathway, mediating the sorting of the amyloid precursor protein (APP) away from the amyloidogenic endosomal system (Small et al., 2005) . To date, three members of the family of Vps10-containing proteins have been shown to interact with the neuronal retromer-sortilin, SorL1 (also called SorLA or LR11) (Muhammad et al., 2008) Besides implicating retromer dysfunction in AD pathogenesis, these studies suggest that APP is a cargo that is also trafficked by retromer. Indeed, this prediction was recently confirmed in nonneuronal cell lines, showing that the retromer complex is involved in endosome-to-TGN trafficking of APP (Vieira et al., 2010) . Nevertheless, despite high expression levels in the brain (Haft et al., 2000) , in particular the hippocampal formation (Muhammad et al., 2008) , a detailed characterization of the neuronal retromer has not yet been completed. More importantly, as neurons are highly polarized, it is unknown whether the neuronal retromer is involved in long-range transport of cargo and if so how. 
